We describe a modifed nuclear emulsion coating technique for both electron and light microscopic autoradiography. We propose that by reversing the application of formvar film so that it adheres to and covers thin sections placed on grids, we have developed a technically accessible methodology that produces optimal conditions for the tracing ofspecific nudear activity. A smooth, continuous base is formed over the sections on which a monolayer of evenly packed silver halide crystals can be applied by dip-coating. The same principle is applied to pre-stained 1-Fm plastic sections of glass slides. We suggest that the application of formvar film over thin sections does not impede or interfere with the exposure of the emulsion by the labeled tissue. On the contrary, it vir-2. Baserga R. Daniel M: Autoradiography, techniques and applications.
Introduction
Autoradiography is a frequently used method to detect the uptake of organic molecules in biological specimens. With the improvement of radionuclides (radioisotopes), nuclear emulsions, and films, light microscopic autoradiography and macroautoradiography yield satisfactory results (1). Nevertheless, autoradiography on the ultrastructural level is still plagued with the same technical hazards since the days of its inception (2,lO).
The Car0 and van Tubergen loop method (3) is an attempt to apply the emulsion layer directly on the thin section by dipping a wire loop into liquid emulsion held just above its gelling temperature and placing the film on the grid. In the Salpeter and Bachman method (11). thin sections are placed directly on a glass slide which has been previously coated with celloidin film, rather than on a grid. The slide provides a wide, flat area which can be easily covered with emulsion by dipping. Kopriwa's detailed description and exhaustive instructions (6) were provided to prevent possible mishaps and are most useful, but the complexity of this method discourages many investigators (2).
In our laboratory, after many unsatisfactory efforts to evaluate our results with the existing procedures, we developed a method which facilitates and greatly improves the quality of the nuclear 
Materials and Methods
Young adult Wistar rats were anesthetized with 35% chloral hydrate (0.1 m1/100 g body weight) and were injected either intraperitoneally with 5 pCi/g body weight of [ 3H]-thymidine (New England Nuclear, Boston, MA; specific activity 78 Cilmmol; n = 4) or intravascularly with 200 pCi [3H]dopamine (New England Nuclear; specific activity 27 Ci/mmol; n = 6). One hour after the injections, the anesthetized animals were perfused with 3% glutaraldehyde in an aqueous solution of 0.1 M sodium cacodylate and 3% sucrose. Small tissue specimens were taken from the small intestine and adrenal medulla and placed in the same fixative overnight at 5'C. Tissues were post-fixed in cacodylate buffered 1% osmium tetroxide for 2 hr at room temperature. After dehydration in a graded series of ethanols, tissues were embedded in Polybed 812 (Polysciences; Warrington, PA).
Using a Porter Blum MTBZ microtome and a diamond knife, silver to pale-gold sections were placed directly in the center and on the shiny side of 200-mesh grids; extra care was taken to keep the grids completely flat. One-pm sections were placed on pre-cleaned glass slides and were stained with Toluidine blue.
A narrow strip of double adhesive tape was placed on slides cleaned with chromic acid and, under a dissecting microscope, the grids with sections facing up were positioned at the very edge of the tape (Figure 1 distilled water (4). The formvar film had a light-gray interference color, indicative of an approximate thickness of 30 nm. The film was picked up slowly and carefully from underneath to cover the slide holding the grids. Special care was taken so that no air molecules were trapped between the sections and the formvar film. This can create a barrier that will stop B-particles from reaching the silver bromide crystals. The glass slides carrying the pre-stained l-pm plastic sections were covered with formvar in a similar manner. All slides were carefully labeled and left to dry in a dust-free area overnight.
Application of the Emulsion, Exposure, and Photographic Develop ment. The electron microscope preparations were coated with a 1:3 dilution of Ilford L4 (0.14 pm) emulsion (5) with a semiautomatic coating instrument (8). according to the stepby-step guidelines established by Kopriwa (6). Although the emulsion was melted at 40'C. during the coating procedure the emulsion was kept constant at 32°C to p m n t melting ofthe f o r " film. The coated slides were stored in light-proof boxes at 4°C.
After 6-7 weeks of exposure for both [3H]-thymidine-and [3H]dopamine-exposed tissues, the autoradiographs were placed in glass baskets and developed for 2 min in D19 developer diluted 1:10 with distilled water. After they were rinsed in a distilled water stop bath for 30 sec and fixed for 2 min in 24% sodium thiosulfate, the slides were washed in five changes of distilled water, 1 min each. All solutions were at 2O' C. and slides were left overnight to dry. Under a dissecting microscope, the grids were carefully loosened from the glass, using fine forceps and the edge of a clean razor blade. The grids were stained by immersion in saturated aqueous uranyl acetate and Reynolds' lead, and sections were examined in a JEOL 100s electron microscope.
The slides bearing 1-pm sections were coated with undiluted Kodak NTF32 emulsion. After 3-4 weeks of exposure, the slides were developed in Dl9 developer diluted 1:1 with distilled water for 4 min and fixed in Kodak Ectaflow fixer (1:7 dilution) for 6 min, followed by a 20-min wash in running water. The temperature of all solutions was maintained at 20°C. All slides were left to air-dry.
Results
Both light and electron microscopic autoradiographs of radiolabeled tissues prepared with the reverse application of formvar film revealed specific localization of both [3H]-thymidine and [3H]dopamine in intestinal epithelium and adrenal chromaffin cells, respectively. Pre-stained 1-pm plastic sections of [ 3H]-thymidine-exposed tissue exhibited silver grains confined specifically to the undifferentiated cells at the bases of the intestinal glands ( Figure  2A ). Nonspecific background labeling was virtually nonexistent. In contrast, plastic sections stained with Toluidine blue and not covered with formvar before dipping in emulsion showed extensive chemical fogging and nonspecific labeling ( Figure 2B) . At the ultrastructural level, the silver grains were confined solely to the nuclei, some specifically to heterochromatin, and the intercellular spaces were free of radioactive label (Figure 2C) . In Figure 3A , a 1-pm plastic section of adrenal medulla, silver grains representative of [ 3H]-dopamine were specifically taken up by dopaminergic chromaffin cells. The grains were confined to the cytoplasm of these cells, and background grains over blood sinusoids and adrenal cortex were almost nonexistent. At the ultrastructural level ( Figure 3B ), dopaminergic chromaffin cells displayed extensive uptake of [ 3H]dopamine; the silver grains were almost exclusively confined to the cytoplasm, whereas the abundant extracellular space was practically unlabeled.
Discussion
We believe that the reverse application of formvar film is a significant contribution to the area of electron microscopic autoradiography that most needed technical improvement, allowing increased resolution and especially increased reproducibility. Steps that have traditionally contributed to contamination and limited resolution have been eliminated, such as (a) coating slides with celloidin, (b) aberrations on the celloidin film caused by the loop during placement of thin sections on the film, (c) carbon coating, (d) difficulties encountered during detachment and transfer of celloidin and sections to grids, and (e) uneven coating of grids with emulsion using the loop method of Car0 and van Tubergen (3). In addition to these benefits, we believe our method is considerably less difficult to perform than are the traditional ultrastructural autoradiographic techniques, and therefore consistent results are more likely to be achieved.
The three factors that most affect electron microscopic autoradiography and must be carefully considered are (a) the background fog, (b) the resolving power, and (c) the sensitivity of the emulsion (7) . The reverse application of formvar film not only serves to immobilize the grids on glass slides for easier handling but also functions as a base for the smooth, consistent application of emulsion coats of uniform thickness. Because of this even surface, silver bromide crystals that have not been exposed to P-particles clear easily during fixation, eliminating any mechanical or background fogging which often occurs due to trapping of the crystals in the crevices of uneven surfaces.
By using the sensitive L4 emulsion and observing the high specificity of our Preparations, we can deduce that the resolving power of this technique is very reliable, since the source of radioactivity appears to be clearly related to its radioactive (latent) image. In addition, by omitting the layers of atoms consisting of carbon film, uranyl acetate, and Reynolds' lead, the P-particles are close to the silver halide crystals of the nuclear track, with only the 30-nm thickness of the formvar film between them. It is apparent that the formvar does not interfere with the specificity of the latent image.
The application of formvar over 1-pm plastic sections pre-stained with Toluidine blue for light microscopic autoradiography is an im-
.. provement over older celloidin dip-coating methods. A major difference is that in our method the formvar film is pre-cast and does not infiltrate the specimen as does the liquid celloidin (9). Our pre-stained preparations that were not covered with formvar invariably showed extensive chemical fogging due to the reaction of the emulsion with the Toluidine blue stain. In contrast, the pre-stained, formvar-covered preparations exhibited very low background and had the same specific reaction as the unstained specimens, with the added advantage of producing a clearly stained l-pm plastic section. The pre-cast formvar works on 1-pm sections by the same principles as it does for electron microscopic autoradiography. It protects the preparation from mechanical fogging but, most important, its apparent impermeability to water-based solutions prevents chemical fogging, since neither emulsion nor development solutions come in direct contact with the pre-stained tissue. In conclusion, we believe that the innovative use of formvar in our proposed methodology virtually eliminates background and contamination and greatly simplifies the time-consuming autoradiographic procedure.
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